The GTP-binding protein of rod outer segments. II. An essential role for Mg2+ in signal amplification.
The role of Mg2+ in the GTP hydrolytic cycle was investigated by using purified subunits (G alpha and G beta, gamma) of the GTP-binding protein isolated from Bufo marinus rod outer segments (ROS). Mg2+ markedly stimulated the rate of GTP and guanosine-5'-O-(3-thiotriphosphate) (GTP gamma-s) binding to G alpha. This effect was especially striking in the presence of very small quantities of illuminated ROS disc membranes. GTP hydrolysis could occur in the absence of Mg2+, and Mg2+ increased the rate of GTP hydrolysis only about 50%. These data indicate that Mg2+ plays a fundamental role in amplification of the photon signal by markedly stimulating the rate of formation of GTP X G alpha complexes by very small amounts of illuminated rhodopsin while producing only a modest increase in the rate of GTP hydrolysis. Following hydrolysis of GTP, GDP X G alpha could reassociate with illuminated or unilluminated ROS disc membranes in the presence or absence of Mg2+. In the absence of guanine nucleotides, release of GDP from G alpha bound to illuminated disc membranes was detected in the presence or absence of Mg2+. Moreover, Mg2+ did not affect the rate of GDP release from membrane-bound G alpha. Illumination of B. marinus crude ROS disc membrane preparations markedly reduced pertussis toxin-mediated ADP-ribosylation of a 39,000 Mr (G alpha) protein in the presence but not in the absence, of Mg2+. Moreover, extensive dialysis of illuminated (but not unilluminated) crude ROS disc membranes against a Mg2+-containing buffer caused a marked reduction in the subsequent ADP-ribosylation of G alpha, even when Mg2+ was not present during the ADP-ribosylation step. This reduction was reversed by the addition of GDP or a GDP analogue (but not GMP or hydrolysis-resistant GTP analogues) during the ADP-ribosylation step. Dialysis of crude ROS disc membrane preparations (illuminated or unilluminated) against a Mg2+ -free buffer did not reduce the subsequent ADP-ribosylation of G alpha. These data indicate that Mg2+, in the presence of photolysed rhodopsin, can stimulate the release of GDP from crude preparations of ROS disc membranes. Four lines of evidence suggest that G alpha and G beta, gamma have Mg2+-binding site(s). When stored at 4 degrees C, in the absence of glycerol, G beta, gamma was more stable in the absence than in the presence of Mg2+.(ABSTRACT TRUNCATED AT 400 WORDS)